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Abstract 
Contemporary customers change their product preferences rapidly and are inclined to purchase only what they need or want. In response, the 
companies need to increase their product variety to improve market share and remain globally competitive.  
Apparel industry, viewed as one of outstanding economic engines in history, has been radically evolving over the past 25 years due to retail 
consolidation, globalization and e-commerce. Challenges specific to fast fashion apparel industry include tremendous product variety and very short 
product life cycles. In such environment, it is of high importance to effectively manage trade-offs between variety benefits and inventory and/or 
other costs arising from variety increase. For a category of apparel variants differentiated by some attributes such as color, style or size, detailed 
modelling is required to investigate the effect of product variety on performance of an apparel supply chain. For this reason, the System Dynamics 
methodology, a simulation and modeling technique developed specifically to address the long term and dynamic management issues, is adopted in 
this study. The focus of the proposed model is on the interaction between physical processes, information flows and managerial policies of the 
apparel supply chain in order to create the dynamics of the variables of interest such as product variety, inventory, backlogs, costs and profit. 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the International Scientific Committee of “The 47th CIRP Conference on Manufacturing 
Systems” in the person of the Conference Chair Professor Hoda ElMaraghy.
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1. Introduction  
The companies in apparel industry are divided into three 
market segments based on their competitive strategy: cost 
advantage, speed, and brand equity. The key to success for the 
second market segment is providing customers with the most 
fashionable clothes in the shortest time.  In addition, apparel 
prices are not too high in this mid-end market [1].  
1.1. Fast Fashion 
The fashion industry has changed greatly due to the recent 
success of fast fashion retailers. Over the past decade, new firms 
have emerged in this industry which have exhibited continuous 
growth and became the market leaders. For example, in the first 
quarter of 2008, the Inditex group from Spain, owner of the 
Zara chain, overtook Gap as the world’s biggest clothing retailer 
[2]. H&M from Sweden is also recognized as a leading player in 
this industry. Fast fashion, a relatively new business strategy, 
can be briefly summarized as “cutting-edge fashion at an 
affordable price” for Zara [3], or similarly as “fashion and 
quality at the best price” for H&M [4].  
The assortment of fast fashion retailers successfully mixes 
two categories of products including basic items and fashion 
items. Hence, their supply chains are a combination of an 
efficient supply chain, which is applied for the basic items, and 
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a responsive supply chain, used for fashion items [5]. In this 
study, our focus is only on the supply chain of fashion items. It 
is necessary to have a responsive supply chain for fashion items 
in order to bring the products quickly to the stores as needed, 
since such products are perishable and their demand is highly 
volatile and uncertain. This means a flexible production system 
is required to minimize the lead time, even at a higher cost. 
Therefore, the design-to-store time, including raw materials, 
production and distribution, should be minimized. 
Companies such as Zara and H&M have successfully cut 
down design and production lead times from months to just a 
few weeks, applying a flexible supply chain. They consistently 
introduce new products on a regular, weekly basis [5]. Fashion 
items, in particular, have a very short life cycle, since they are 
routinely substituted by trendier ones. As a result, every year, a 
fast fashion firm offers a much larger variety of products in 
comparison with a traditional retailer. 
In summary, high volatility, low predictability, short product 
life cycle, and tremendous product variety are some of the 
characteristics of products in the fashion industry [1]. Our aim 
in this research is to study the effect of product variety on the 
supply chain performance of this industry. 
1.2. Product Variety 
Among several definitions available in the literature, the 
present study considers the definition of product variety as the 
number of different versions of a product offered by a firm at a 
single point in time [6]. According to product characteristics, 
there are different drivers for product variety such as form (size, 
shape, and structure), feature (options provided), and style 
(color, appearance) [7]. 
Product variety directly affects several departments in a firm 
such as, for example, marketing, logistics and manufacturing. 
Increasing product variety in style, size, package, function, etc., 
can result in improved customer satisfaction, higher market 
share and enhanced competitiveness [7]. Product variety also 
affects consumer purchase behavior and welfare. The needs and 
desires of heterogeneously distributed consumers are better 
satisfied by higher product variety. In addition, consumers can 
enjoy a diversity of options through “variety seeking” behavior, 
which satisfies intellectual curiosity [8]. Thus, increasing 
product variety enhances consumer welfare [9]. In contrast, a 
reduction in variety has an adverse impact on both purchase 
quantity and shopping frequency [10]. On the other hand, 
increasing availability of product variety also changes consumer 
behavior, requiring, for example, better product choice selection 
strategies, and in the long run creating much more sophisticated 
and savvy customer [11]. 
Increasing variety has impact on logistics operations and 
costs as well. Variety induces different indirect costs that are 
difficult to capture, and are often neglected when making the 
decision about introducing variety [12]. Raw material costs, 
work-in-process (WIP), finished goods, and post-sales service 
inventories, and logistics costs are some examples of costs 
arising from increased variety. The inventory of finished goods 
and work-in-process for a firm offering more variants is higher 
than a firm with lower product variety due to the uncertainty in 
forecasting demands [13]. 
It is more challenging to ensure operational efficiency when 
the variety level is increasing [14,15]. A broader product line 
can result in higher costs, essentially because of increases in 
overhead expenses [16], material costs and labor costs [17]. In 
particular, the impact of product variety on cost is considerably 
higher than that suggested by the risk-pooling literature for 
perfectly flexible manufacturing processes when setup times are 
significant [18]. 
Most of the times, the objectives of marketing and 
manufacturing are contradictory [19]. Although increasing 
product variety might lead to increased sales, it has its 
disadvantages so that it might not be economically viable. Thus, 
a challenge faced by companies is to maintain the competitive 
price and quality while offering variety in order to satisfy 
customer’s needs and wants. 
The net impact of product variety on supply chain 
performance is uncertain when considering both the positive 
impact of variety on sales and the negative impact of the 
increased inventory and out-of-stock due to high product 
variety. The determination depends on the trade-off between 
these positive and negative effects. Thus, in this research, we 
study both types of impacts, simultaneously. The literature 
review reveals that previous research incidentally studied the 
impact of product variety on businesses functions and mostly 
focused on the impact of product variety on individual 
functional areas [20]. 
Therefore, the main contribution of this paper is in 
simultaneously capturing the impacts of variety in product on 
demand and cost outcomes. Integrating marketing factors 
(demand) and operational factors (costs) within a company is an 
important, and at the same time challenging issue. This paper 
presents a model based on system dynamics (SD) methodology 
to gain structural insight into the effect of product variety on the 
performance of a fast fashion supply chain. 
The subject of analysis here is a (simplified) supply chain 
with a single manufacturer and a single retailer. We first 
investigate the performance of supply chain when the effect of 
product variety on the lead time is ignored. Then, we analyze 
the effect of product variety when it impacts the lead time. 
Although, many industries are under pressure for higher variety 
and faster delivery [21, 22], distinct recognition of the lead 
time-variety trade-off can rarely be found the literature. We 
demonstrate that disregarding the effect of product variety on 
lead time can lead to poor decisions and can lead companies to 
offer product variety that is higher than economically feasible. 
This paper is divided into 5 sections. Section 2 explains the 
model including structure, characteristics and assumptions. 
Section 3 discusses the model validation process. Section 4 
provides the results obtained from the simulation analysis on the 
supply chain performance. Finally, section 5 comprises the 
concluding remarks and the limitations.
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2. The Model 
The system dynamics methodology (SD), a simulation and 
modeling approach specifically designed for long term and 
dynamic management problems [23], was adopted in this 
research. The focus of SD is on the interaction between physical 
processes, information flows and managerial policies to create 
the dynamics of the variables of interest. The main purpose of 
an SD model is to investigate what and how the dynamics of 
concern are generated and afterwards search for policies which 
could improve the overall system performance [24]. 
In a SD study, it is important to generate the major dynamic 
patterns of concern. Hence, it should be noted that the objective
of our model is not to predict the total supply chain cost or 
profit each week for the coming years, but to enable exploring 
under what scenarios and policies the supply chain cost would 
be lower, supply chain profit would be higher, and if and how 
they can be controlled [25]. 
The structure of SD models contains flow (rate) variables, 
stock (level) variables, and auxiliary variables. Flow variables 
are the components that determine the variation of stocks 
(products entering and leaving the warehouse). Stock variables 
are the accumulations within the system (warehouse, 
backlogged orders). Auxiliary variables are the rest of the 
elements in the model which represent steps to determine flow 
and stock variables (orders, lead time). 
In system dynamics, the stock-flow diagram is the translation 
of causal relationships into a terminology which helps to 
develop the mathematical model. That is, it helps to write a 
system of differential equations which can be solved via 
simulation programs such as Vensim®, Stella®, and i-Think®. In 
this research, we use Vensim DSS® software to develop the 
stock-flow diagram (Appendix, Figure 4). The following section 
explains the flow of product and information in the model. 
Customer demand is generated based on Poisson distribution 
whose parameter depends on the product variety that retailer 
offers. The product variety in our model is a function of size, 
color, number of apparel type and variety for each apparel type.
The retailer receives the orders from the final customer and 
depending on its inventory serves the customer. In an apparel 
store, when the customer’s need is not satisfied, the customer 
usually leaves and does not wait for his/her need to be fulfilled. 
Therefore, the constructed model considers the orders not 
delivered on time as the lost sale at this stage. If the retailer’s 
warehouse contains the sufficient amount of products to meet 
the demand at the time, the order is delivered. Otherwise, the 
final customer’s demand is transferred to increase the “RET 
stockout” variable. 
The retailer will place an order when it has all the necessary 
information, that is, its current inventory and expected demand. 
This order, ‘RET Demand’, reaches the manufacturer as an 
information flow. 
The next level constructed contains the manufacturer which 
receives the retailer’s orders. At this level, if the orders are not 
met by the required date, they will be served when the 
manufacturer has enough stock available. The proposed model 
considers the orders not delivered on time as backlogged orders 
and they are included in the daily firm orders. Corresponding 
variable ‘MANUF Firm orders’ is defined as the summation of 
backlogged orders and retailer demand. 
It should be noted that the manufacturer has a daily capacity 
limit, “MANUF. capacity”, so it can only manufacture the 
amount of units the factory is capable of. If the manufacturing 
orders are larger than the available capacity, the units exceeding 
this amount are shifted to backlogged orders. 
Both retailer and manufacturer have demand forecasting 
which are updated according to the orders received from the 
downstream level in the supply chain. The demand forecasting 
is calculated during each time period based on the exponential 
smoothing technique.  
In our model, the profit follows the standard formulation of 
revenue minus cost. Most of the cost parameters employed are 
the typical ones used in supply chain management, including 
inventory holding cost, production cost, transportation cost, and 
cost of backlogs. Inventory holding cost and cost of backlogs 
are a fraction of product cost. 
2.1. Model Characteristics 
The main characteristics of the model, including key 
parameters and assumptions are listed below. 
x The raw materials employed for manufacturing are 
considered to be available all the time. 
x The distributor is part of the manufacture level that is, the 
finished apparel, after being packed, will be sent to 
distribution centre through underground conveying belt.  
x Periodic review policy is applied as the inventory 
replenishment system, e.g., the inventory status is checked 
every three days and an order is placed to increase the level 
of inventory to match the expected demand for three days. 
x Backlogs cost is the penalty the upstream level should pay 
and is a proportion of product cost and amount of backlogs in 
each period. 
x The mark-on for products is selected in such a way that the 
product’s final price in retailer level does not exceed a 
normal limit in apparel industry. 
x Simulation takes place over 365 days. 
x The stock of the initial inventory for the manufacturer level 
is 6,000 units and for the retailer 2,000 units.  
x The manufacturing capacity is 28,800 units per time period. 
x The manufacturer lead time in the base model is 14 days for 
production and 1 day for delivery. 
x The adjust factor for forecasting is equal to 3. 
x Distributions are made twice a week. 
3. Model Validation 
It is vital to establish the validity of the structure of SD 
model which is the validity of the set of equations used in the 
model. Structure validity is followed by checking the accuracy 
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of model behavior. Forrester and Senge [26] suggest a number 
of direct structure tests, for example, structure and parameter 
verification tests, extreme conditions test, and dimensional 
consistency test. In this study, the structure test is conducted by 
comparing the model equations with the existing knowledge of 
the system in the literature. A parameter verification test was 
carried out by evaluating the constant parameters used in the 
models against the available knowledge of fast fashion apparel 
industry. Finally, dimensional consistency test for all model 
equations as well as extreme conditions test was conducted.  
Tests of model behavior evaluate adequacy of model 
structure through analysis of the behavior generated by the 
structure [26]. Some of these tests conducted in this study 
include extreme policy, behavior sensitivity and behavior 
anomaly. Table 2 in Appendix shows the test results. 
4. Numerical Results 
As stated before, the present paper explores the effect of 
product variety on the supply chain of a fast fashion apparel 
industry. The average daily cost, revenue, and profit are used as 
the performance measures.  
4.1. Variety does not affect the lead time   
In this section, we assume that increasing product variety 
does not affect the lead time. We defined 10 scenarios, named 
VM1 to VM10, which are shown in table 1 along with the detail 
of product variety in each of these scenarios. 
Table 1. Product variety and lead time for scenarios 
Scenario
No. of 
apparel 
type 
Variety in 
each
apparel 
type 
Size Color Scenario 
Manuf. 
lead time 
(days) 
VM1 4 3 3 3 VL1 12 
VM2 6 5 4 5 VL2 14 
VM3 7 6 4 5 VL3 16 
VM4 9 8 4 5 VL4 18 
VM5 10 9 7 8 VL5 20 
VM6 12 11 10 10 VL6 22 
VM7 14 13 11 11 VL7 24 
VM8 13 13 13 13 VL8 26 
VM9 14 14 14 14 VL9 28 
VM10 15 15 14 14 VL10 30 
Figure 1(a & b) depicts the results of simulation. Figure 1(a) 
shows that increasing variety will lead to increase in revenue of 
manufacturer up to a certain level of variety which is the point 
that the manufacturer reaches the production capacity (VM7). 
However, the cost of manufacturer increases even after VM7 
since the unsatisfied demand is increasing which leads to higher 
backlogged cost. Therefore, the profit decreases after VM7. In 
figure 1(b), the behavior of retailer level under different 
scenarios is shown. Due to significant increase in 
manufacturer’s backlogs and the penalty they should pay to the 
retailer, the retailer’s revenue increases even after VM7, 
although the sales remain the same.  
Fig. 1. Effect of product variety on (a) manufacturer level; (b) retailer level 
4.2. Variety affects the lead time 
For the manufacturers whose setup time is significant, 
increasing product variety considerably affects the lead time. 
Therefore, in this section, we defined 10 new scenarios, named 
VL1 to VL10. The levels of variety in these scenarios are the 
same as previous ones. However, there is increase in lead times 
by any increase in variety (see table 1). 
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Fig. 2. Effect of product variety -when it affects the lead time- on (a)  
manufacturer level; (b) retailer level 
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      Figure 2(a) shows that increase in manufacturer’s cost is 
significantly higher than in the scenarios in section 4.1, because 
higher lead time increases the backlogged orders as well as WIP 
and, consequently, their corresponding cost. Thus, under lower 
levels of product variety, the profit starts to decrease and the 
rate of decrease is steeper. However, at the retailer level, there is 
only a slight change (there is no backlog or WIP in this level).
Fig. 3. Effect of product variety on supply chain 
Figure 3 illustrates the supply chain profit under two sets of 
scenarios (VM1-10 & VL1-10). It can be seen that under VL 
scenarios, the supply chain profit decreases faster in comparison 
with VM scenarios which means supply chain profit is much 
more sensitive to product variety when it also affects the lead 
time. 
5. Summary 
This paper presents a system dynamics model that can be 
used to study and observe the processes and relationships in the 
supply chain of a fast fashion apparel industry with a single 
manufacturer and single retailer. 
The authors investigated the impact of product variety and 
lead time on the supply chain performance. The average cost, 
revenue and profit of each stage in supply chain were selected 
as the performance metrics. Through numerical analysis we 
showed that there is a trade-off between cost and revenue when 
the level of variety increases. Also, we demonstrated that for the 
systems with a significant setup time in which increasing variety 
affects the lead time, firms should consider this effect. 
Otherwise, they might offer a variety level which is far above 
optimal.  
The main limitation of the model is the data used as the 
inputs. Due to the inability to obtain more accurate industry-
specific data for all constant variables in the model, some of the 
absolute numbers that this model presented are used for 
comparative analysis of different scenarios. Nevertheless, the 
model helps to study the relationships between supply chain 
stages and to analyze the effect of changing values for the 
variables of the model. 
Appendix  
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Fig. 4. The stock flow diagram of a fast fashion apparel supply chain using Vensim software. 
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Table 2. Model validation results. 
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
Scenario
Base
customer 
demand
Extreme 
high demand 
Extreme low 
demand 
Zero 
capacity
Zero inventory at 
manufacturer level 
30% increase 
in lead time 
Variable name Level             
Average daily demand  Customer 1803 12000 301 1803 1803 1803 
  Retailer 915 6188 151 1781 1797 906 
Stdev of daily demand Customer 44 108 17 44 44 44 
  Retailer 857 5081 139 186 97 864 
Average daily sales Retailer 888 5809 150 22 5 896 
  Manufacturer 913 5882 145 16 0 896 
Average daily inventory Retailer 2366 9389 357 29 6 2814 
  Manufacturer (WIP) 12761 84827 1859 0 0 16379
 Manufacturer (Finished) 2548 5963 793 91 0 2741
Average daily Backlogs Manufacturer 5151 80154 816 310607 322380 6275 
Average daily stockout Retailer 915 6191 151 1781 1798 907 
Average daily Cost Retailer 20881 121250 3420 441 107 22151 
  Manufacturer 12064 75320 2113 3096 2995 13172 
Average daily Profit Retailer 2540 34943 521 3049 3025 1494 
  Manufacturer 3266 23503 316 -2819 -2995 4266 
  Supply chain 5807 58446 837 229 30 3372 
Stdev of daily profit Retailer 5562 30751 944 4291 4276 6683 
  Manufacturer 22288 114337 3534 4809 4266 24270 
  Supply chain 21983 118027 3596 2322 511 24454 
